UNCLASSIFIED 


AD  NUMBER 


AD096319 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  Mar  1955. 
Other  requests  shall  be  referred  to  Office 
of  Naval  Research,  800  North  Quincy 
Street,  Arlington,  VA  22217-5660. 


AUTHORITY 


ONR  ltr,  13  Sep  1977 


THIS  PAGE  IS  UNCLASSIFIED 


ASTIA  FILE  OOPY 


TECHNICAL  NOTES 

Miter  for  Vaatera  Hmaiaffcar*  u»i  Par  Eaat,  J.  KNOTT,  Ian  City,  Ian,  UXA. 
Mtter  far  !»■>■  aad  MlHdW  bat,  H.  8HIPTOW,  Briteal,  bgiaad 


■VALUATION  OF  P**MANENT  IMPLANTATION  OP  ELZCTItODH 
WITHIN  THE  BHAIN  > 


JoteM.lt  Dauuao,  MJ>. 

Daparaaaia  a#  PI;tel«o  and  Prrckimry,  Tala  Uatend?  Scfceal  a/  Madictea, 
Nav  Haaan,  Can. 


UteMri  /ram  ~fflartroawc«pAaIograpA>  and  Qtmcal  NtmvpfiptWotp  famwT 
Vat.  7.  No.  4.  Noaaatear  190. 


fr'pnntird  /r««i  "/t/rtfnvfHTpAj/. Kfruphy  and  Clinical  Ncuc\ •pJiytHtit  yt/  JoummT* 
./  Vri *1.  7.  N*».  4.  November  /U 55. 

/  TECHNICAL  NOTES 

KJitur  f  jr  Wndern  Hemisphere  hi,' I  K:ir  Kant,  J.  KNOTT.  Iowa  I'ifr,  Iowa,  UAA. 
Mill  tor  for  Europe  nad  Middle  Hast,  II.  .Sllll*Tt>N,  Bristol,  Knglaml 

EVALUATION  OF  PERMANENT  IMPLANTATION  OF  ELECTRODES 
WITHIN  THE  BRAIN  » 

Jot*  M.  R.  Diloado,  M.D. 

Deportments  of  Physiology  and  Psychiatry,  Yalr  l/nirmltji  Wool  of  Medicine , 
New  Haven,  Conn • 

(Rrrrirni  for  publiru lion :  Marrh  19.  19‘m> 


ixtroihvtiox 

Permanent  implantation  of  elect  m<|e*  within  the 
brain  nf  animnl*  allown  the  <tu«lr  of  many  rrrebrnl 
function*  for  long  period*  of  time  without  the  handi¬ 
cap  of  anesthesia.  Two  method*  have  Itmi  used  hr 
several  investigator#: 

I.  Thr  remote  control  techniques,  in  whirh  a 
iwrr;r  in  phieed  beneath  the  shin.  with  the  termias) 
lra*ls  ending  in  the  brain  substance  (Chaffee  ami 
light  19.14 ;  (lark  ami  Ward  19.17;  Femler  1917; 
tJf>|wrlli  ami  Kallejian  1950;  Harris  1940;  Trucks 
1934;  Mauro  ft  «/.,  1950;  Verves  so  and  French 
1953).  The  receiver  is  activated  by  induct  iu«  or  by 
radio  and  thrrr  am  no  leads  between  the  stimulator 
and  the  animal.  Home  limitations  of  the  technique 
will  hr  discussed  later. 

L  In  thr  other  twhnkjum,  electronic*  are  im¬ 
planted  within  the  brain;  the  terminals,  through 
which  the  animals  are  connected  for  stimulation  or 
recording,  remain  ontsiile  the  aealp  ( Bradley  and 
E!ke#  1953;  Clark  sad  Ward  1937;  Delgado  195-**; 
Emerson  et  el.  3955:  Epstein  1949;  Oastaut  1951; 
Henthef  of.  1954;  Hess  1932;  Hoagland  1940;  Hunter 
and  Jasper  1949:  Iagram  ft  oL  1951:  Jung  and 
Kommiller  1939;  Kaadn  1951;  Knowles  1951;  Koel 
In  ef  mi.  1951;  Lewandowsky  1903;  Lilly  rf  mi.  1952; 
Lira  now  and  Poliakov  1945;  Lubinska  and  Knnomki 
1939;  Masaerman  1941;  Old'  and  Milner  1954;  Pa* 
chon  and  Dehnaa-Marsaftrt  1924;  Rheiaherger  and 
Jasper  1937;  8a w»  et  ml.  1953).  Romo  teehaieal 
details  will  also  be  discussed  later. 

In  the  (ant  few  years  cerebral  implantation  of 
electrodes  has  also  been  used  in  hums  a  patients 
(Bickford  el  of.  1953;  Rraiier  et  m L  1954;  Delgado 
et  of.  1952;  Heath  rt  ml.  1954;  Henry  1949;  Pool 
and  Clark  1954;  Nhimnsnno  rt  mi.  1954;  iron  Baum- 
gnrten  1953).  The  technique  of  imph*Nting  ck-etrodr* 

i  Hupported  by  grnnt*  from  the  Foundation  *» 
Fund  for  Research  in  Psychiatry,  and  the  Office  of 
Naval  Resmreh,  8AR/N«nr  009(03).  Reproduction 
in  whole  or  in  p*trt  is  permitted  for  any  purpose  of 
the  t*nited  Hiatt  *  Government. 


in  animals  that  we  have  been  using  for  the  past 
seven  yenrs  (Delgado  1949)  may  hnve  some  advan¬ 
tages  and  it  is  drwritied  and  commented  an  in  the 
present  pnper. 

Coeat  rurtioe  of  nrrdte  eir*tro*lr*  (fi .7.  8tain- 
less  steel  wire,  .0ti5*  diameter,  covcrd  by  quadruple 
tefhm  (flilemp  Wires,  Ine.,  Mincoln,  New  York) 
was  used.  Fire  pieces  uf  decreasing  length  (e.g. 
97.  94,  91.  »•»  and  *3  mm.)  were  rut  and  straightened 
by  stretching  l*etwecn  two  hemostata.  Another  piece 
of  .*flon  rooted  *tninh**n  stoel  wire.  .0«i7"  diameter, 
about  mm.  long,  wns  cnt.  Both  eada  of  each 
wire  were  wenped  free  of  inswlatioa,  5  mm.  at  the 
top  and  I  mm.  at  the  tip.  A  small  ball  was  made  at 
the  I  mm.  end  of  the  .907*  wire  by  means  of  an 
electric  are  (Riley  1949 >.  This  ball  constitute*  the 
iTp  of  the  vie*  trade.  The  0  wires  were  cemented 
togitlu-r  with  plrvigla*  dissolved  in  dichloroethylene, 
seeing  the  1  mm.  bare  tips  3  mm.  apart  (the  distance 
I  etween  ‘he  tip*  ef  the  leads  was  <ietrrmined  by  the 
topography  of  the  cerebral  structures  involved  in 
the  experiment ».  The  group  **  %.  •  .res  wns  protected 
by  a  tube  of  polyethylene  (PE  DC.  C  lay- Adams)  which 
was  rinsed  at  both  eada  by  mettna  of  heat.  The  5 
mm.  Ik* re  ends  of  all  the  wires  were  soldered  in  an 
identifiable  order  to  a  submiaisture  7  pin  socket, 
similar  to  those  used  in  hearing  aids.  Then  a  double 
piece  of  Imre  stainless  steel  wira,  .020*  diameter  and 
about  loo  mm.  long  was  soldered  to  pin  no.  4;  this 
wire  anchored  the  electrode  to  tfcv  skull  and  was 
slim  used  as  ret  err  zee  lend  in  monopolar  stim«Hi*,on 
or  recording.  The  leads  were  tested  with  an  onaw  er 
to  cMeck  position  and  iaeuhttins.  The  base  of  the 
socket,  with  all  the  joints,  wns  then  covered  with 
insulation  enamel  (E  33  clear,  Jnsi-X  Co.,  Ossining, 
New  York  >. 

Vs  notions  is  coastruction:  in  some  experiments 
silver  wire  of  the  same  diameter  and  insulation  was 
used  to  construct  the  needle  elect  rode*,  which  were 
then  very  flexible.  Their  ndvaatnge  wns  that  they 
followed  say  brain  movement,  hut  they  had  no 
rigidity.  Therefore,  for  introduction  into  th«  brain. 
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it  wan  nrccvmt  ry  to  use  Jl  ram.  diameter  stainless  steel 
tubing  whirl*  belli  a  tiir  hook  made  nt  the  tip  of  the 
•rr*!h*.  The  tulr  was  then  h'mtiml,  k'nvinK  the 
eiretrtMle  in  position. 

Co**frmrliOH  of  plait  thctrmfr*  ( fhf.  f|.  A  piper 
•f  polyethylene  sheet  (1  mill  thick),  about  30  X  * 
■a,  www  rut.  His  small  nwllr  hole*.  ram.  ajsirt, 
were  |iuwrhrl  in  the  middle  of  tin*  *he*d  along  thr 
length.  Hi*  piece*  of  niter  wire  (tiW,  !>"»,  !*>,  >Ci,  #41 


rig.  i 

IHafftiiM  of  plnte  and  needle  ph*ctn*«lrs. 

Thr  actus t  diameter  of  thr  shaft  1*  «bnut  0..1  ram. 

•  nd  7-"  mm.  long*,  diameter,  wwml  In 

rp*n«lru|*h*  teflon,  werr  rut;  one  e«i|  of  imrh  piece 
www  srr;t|ird  for  3  mm.;  a  small  Iwll  was  made 

on  thr  oiler  oral  In  mennw  of  •  flwmr;  thr  boiled 
llpn  were  then  threaded  ihr  mgh  the  holm  in  the 
polyethelene  sheet.  The  »md**r  side  of  thU  plate  wttw 
wrml  hr  anotfu  *  piere  of  thr  film  nml  both  piece* 
fused  hr  mentis  of  I  writ  (an  rteefrie  flatiron  w:o» 
wont).  The  silver  wirvw  aboee  thr  plate  were  cemented 


together  with  plexigln*  iliwolvol  in  diehloroethylenr, 
and  a  short  piere  (about  .10  ram.;  of  polyethylene 
tubing  (|*K  90*  |Hilleit  over  them  for  protection. 
The  other  end*  of  thr  wire*  were  soblered  in  blenti- 
finhle  weijuenre  to  a  7  pin  subminiaturr  socket.  A 
Imre  stainless  steel  win*,  .tejo"  diameter,  wnw  soldered 
to  pin  not  4.  This  heavy  wire  anchored  the  plate 
electrode  to  the  skull.  The  lead*  were  tested  with  an 
ohim  trr  to  rlwrk  |nriti»n  ami  insulation.  The  base 
of  the  socket  ami  all  he  xubhriti  joints  wen*  routed 
with  ln>l  \  K  it't. 

Sim/iCtiftOM.  For  use  in  animal*  t»i«y  electrodes 
wen*  w;ih1hmI  with  sonp  and  water  and  immersed  in 
/ephimn  1:  Irani  fur  ora*  to  two  hours.  This  has 
prmed  to  Is*  sufficient.  For  Use  in  human  patients 
I  In*  needle  electrodes  were  autoclaved  and  the  plate 
electrodes  itHiui'ran)  in  Zephiron  overnight. 

.V.  iitoti  of  iMfflHH'rthoH  { mtmkf  **  )  The*  animals 
wen*  ojs*rnted  u|s>u  umler  Nembutal  anesthesia,  with 
aseptic  precautions.  After  shaving  the  lead,  the 


*•!«.  s 

Needle  electrrale*  have  lawn  introduced  Into  the  brain 
with  a  stereotaxic  instrument,  cemented  to  tins  skull 
and  fixed  with  metallic  sutures  through  the  bone. 

w.irtlur  was  plored  In  a  1 1  or*  ley -4  la  rhe  instrument. 
An  incision  nlrmt  .1  cm.  long  *.»«  ramie  In  the  mid- 
!!»;*.  and  additional  incisions  about  !  cm.  were 
made  ot  the  posterior  p*rt  of  the  hend,  (un*  »vr  each 
.  letdrrale  to  Iw  implanted.  The  sen  Ip  was  retracted 
and  the  preseieeted  prant*  marked  with  the  stereo- 
In  tie  mirromnni|Hilutor  on  the  surf  are  of  the  skull. 
Harr  licit**  were  made  at  these  {mints,  using  a  •  rate. 
•liametT  dental  drill.  The  dura  was  punet  tired  and 
tin*  needle  infriMlured  with  the  mienmanipulatur  to 
the  ilesired  depth,  flw  electrode  *.*  then  cemented 
to  tin*  I  hum*  with  Fleck's  dental  cement  (Missy,  d  lie.. 
New  York*.  Allowing  a  few  minutes  for  the  cement 
to  dry  the  iu*edle  electrode  w»*  curved  over  the  sur¬ 
face  of  the  skull,  mid  the  *ocket  was  passed  through 
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«  ii*  of  the  small  o|«eniiig»  in  the  sculp.  Two  ad* 
dithmul  loirr  holes,  nlsmt  1.5  nun.  diameter,  .hjimwiI 
aUmt  l  tni.  apart,  were  drilled  in  the  skuil.  !•»  sum. 
»  ftslorinr  to  the  entrance  of  the  electrode;  one  piece 
of  the  ban*  .1*20"  stabiles-  stivl  wire  w:e  led  through 
each  huh-,  the  wires  were  rro»e«*  under  tin*  ski;)! 
and  brought  out  the  up|Mi*ite  hole,  and  wen*  then 
lied  over  the  |K»ly  ethylene  protection  of  the  ehwtrmle, 
which  was  thin*  solidly  anchored  to  tin*  skull.  The 
plate  electrode*  were  introduced  manually  through 
burr  hole*  (about  5  mm.  diameter  <  and  a  small  slit 
in  the  dura.  No  dental  cement  was  used.  Fixation  to 
tin*  skill)  was  simitar  to  tlmt  of  the  needle  electrode. 

Surgical  procedure*  for  cats  and  dogs  wen*  the 
M!Hr.  with  tin*  difference  that  the  oeeipithl  proto- 
I  era ma*  was  us**d  to  anchor  the  ek-etrodes  to  the  skull. 

A  llal.«  Ihl^adu  two  channel  stimu¬ 
lator,  and  two  <!r:»s*  stimulators,  moirl  K4A,  w\  re¬ 
used.  Stimulations  were  u*oniton*d  through  a  two- 
l**;tirt  I  In  Mont  o*ci|loscii|*e,  tyjw*  H^JA.  Still  and 
moving  pictun-s  were  often  taken;  n*conlings  wen* 
ma>le  on  a  liras*  -H  chan  in*,  electroencephalograph, 
iihm  lei  III  l>. 


Five  month*  after  implnntation  of  2  plate  and  2 
needle  electrodes,  totalling  2*  leads.  The  2  left  Hide 
sockets,  partly  hidden  by  the  luiif,  are  visible  at  the 
posterior  part  of  the  head. 

The  brains  n  »re  usually  c*i»U*ddcd  in  paraffin, 
serially  s**ctioiined  at  15  it,  and  one  in  each  111  sections 
*t..ilied  by  Ni«*l,  Hpielineyer,  van  flieson  or  Kliiver 
method. 

/‘itmt  opt  r»»*'i-e  frxHlI*.  Insertion  of  thin  plate 
electrode*  (1  mill)  Itehtw  the  dim  proved  to  he 
mti'ventful.  Insertion  of  needle  electrodes  in  animal* 
also  proved  to  Ik*  safe,  even  in  monkeys  with  lend* 
in  the  respiratory  center  of  the  medulla.  The  ]»»*t* 
«|n*rative  course  was  generally  good,  and  antiliiotic* 
were  not  necessary.  Healing  of  tin*  |*oint  »f  entrance 


through  tin*  sk;u  wa*  sometime*  dintuilied  by  plug¬ 
ging  in  the  lends,  and  occasionully  there  was  lo*  a) 
infer*  ion,  easily  controlled  with  local  nntibiotim. 
The  |  resence  of  intnrerebral  h*ads  did  not  produre 
detectable  changes  in  Indiavior.  motility,  ur  in  perfor- 
maitre  of  psychological  test*,  ilowrver,  in  a  f**w 
r:is*i  in  which  rather  rigid  plates  (5  or  more  mill* 
thick)  wen*  iis**d  on  motor  areas,  a  transient  J mi  resit 
was  itlmTViil.  |  In  alma)  *5  j**r  cent  of  our  wrin 
Hie  elect  nob**]  wen*  intact  until  the  animal*  were 
sacrificed.  L  , 

l'a*s  and  moJukcvs  were  stimulated  with  complete 
fns**bun  of  movement  during  the  per  forma  are  of 
different  types  of  tests,  such  as  visual  discrimination, 
delayed  alternation,  and  conditioning  avoidance.  This 
fnvdum  was  essential  to  study  of  Indinvior  and  some 
sensory  phenomena. 

Staff#  nf  hear*  -,trr  eb-clrodc  tmplnntntirn. 
The  brains  of  75  rats  and  tS.1  monkeys,  in  which 
ch*clr«des  had  l**eii  imp'anted  for  I  to  14  months, 
wen*  studied.  Rigid  plate  electrode*,  Using  thick 
polyethylene  (5  or  more  mills)  caused  a  marked 
depression  on  the  implantation  area.  Polyethylene 
plates  of  1  mill  thickness  produced  s  sms!!  ttnprewnu 
on  the  brail*  surface,  and  the  protruding  hall*  of 
the  lend*  were  often  marked  on  the  cortex.  There 
was  a  slight  glial  reaction  without  observable  alter¬ 
ation  nf  the  neUtniia. 

Introduction  of  needle  IrrtrwKn  within  the 
brain  substance  produced  a  mechanical  destruction 
along  the  needle  tract  with  some  hemorrhage,  in 
general  very  small,  and  a  brnin  reaction  with 
leucoevtii  infiltration  and  glial  proliferation  around 
the  n«*cdlc  tract.  In  the  -.  .j'^ty  of  cases  the 
diameter  of  j  Hie  needle  tract,  aft.-r  two  **r  more 
months  of  implantation,  was  less  than  l  mm.  In 
some  monkeys  the  needle  tracts  were  very  small, 
only  alKiiit  .2  mm.  diameter:  in  a  few  cases  the 
reaction  was  more  considerable.  In  most  of  th# 
animals  each  |Hijnt  had  livn  repeatedly  stimulated 
for  months  with  tint-  or  bidirectional  square  wave*, 
100  c/ see.,  0.2-1  mare,  pulse  durnHun.  Study  of 
the  brain  section*  did  not  show  histological  change* 
at  the  point  of  electrical  stimulation. 

i  1M  monkey*  one  or  several  points  were  eWtro- 
ronguuded  1-y  using  0  mA.  1»C  for  about  1%  min. 
The  extent  nf  brain  destroyed  with  thin  method 
was  rarinbie.  Six  of  the  lfl  animal*  developed 
encapsulated  nls-esses,  with  3  deaths,  12,  21  and 
30  days  after  coagulation. 

Klrrtrit  ’l  prttpt-rtir*  of  chWrmlr*.  Electrode* 
were  t«*sti*d  fir-*  in  physiological  rnlinc  prior  to 
implantation,  then  in  the  brains  nf  the  monkeys 
during  reveriil  week*  of  implantation,  and  again 
in  saline  immediately  after  the  nnimnl*  were  sacri¬ 
ficed.  Voltage /current  ratio  was  essentially  linear 
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fi»r  all  i^livitluai  |mW  durathms  and  fwjuwirin 
studied  (Mihailuvic  and  tVlgmhi  1 955).  Thin  sug¬ 
gest*  I  lu»l  electrical  properties  of  the  rWtnNlni 
did  md  change  during  chronic  ornplucrim-nt  within 
organic  li*w. 

$pt of  rut/MiKM*!  m<l  sprntti  of  mrrrnt. 
ttfwifieHjr  of  Mim-  vrspuasem  such  ns  M'n'nminx, 
defensive-offensive  MmvHtr.  scnitrhing,  yawning, 
ft».,  wait  n-|nnttii|lr  nlwn'ttl  ( IH  Igmlo  1952b;  |!>.V> ; 
iViptb  mihI  AuuimI  Kach  of  these  resfomsea 

rouM  lie  evoked  by  electrical  stimulation  of  only 
tK»c  of  2  of  tin*  12  to  30  lead*  implanted  in  the 


miit.ttivf,  one  jilatr  fhftrwlf  ws*  placed  on  the 
motor  area  of  cnrh  sole  (RP  and  !.!’),  and  one  needle 
in  ii>nn>|)lialir  structure*  of  each  ni«ic  (RN  and  LN). 
Voltage  and  currri»t  (mA.)  were  monitored  routinely 
during  rock  stimulation.  As  we  see  in  this  table, 
threshold  intensities  in  niilliamperes  were  rather  eon- 
stunt  in  most  of  the  point*  throughout  the  observation 
period.  Some  jMiints  hud  a  small  increase  in  threshold, 
and  tmly  one  (mint  (LP  1)  showed  a  marked  inerease 
after  one  nml  a  half  month*  of  experimentation. 
Threshold  voltage  showed  some  increase  after  three 
months  of  implantation.  This  suggest*  that  the 
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TOR  ^HOU>8  OP  MOTOR  RESPONSES  DURING  1  MONTHS  OP  KLr*JTRODE  IMPLANTATION 


TJAVjJ 

7 

14 

21 

30 

43 

60 

80 

POINT 

▼ 

mA 

V 

mA 

V 

mA 

V 

mA 

V 

mA 

V 

mA 

V 

mA 

*X, 

1.5 

ti.25 

1.2 

M.25 

1.5 

0.25 

2.0 

0.30 

2.3 

0.35 

2.0 

0.53 

2.5 

0.35 

BN. 

1.3 

0.55 

l.« 

0.45 

1.7 

0.43 

2.0 

0.5 

2.0 

0.43 

2.0 

0.45 

2.5 

0.3 

BN. 

1.5 

o» 

.J 

0.40 

1JS 

0.4 

1.8 

0.43 

2.3 

0.43 

2.0 

0.45 

2.3 

0.3 

LN, 

7.5 

n.d 

3.<i 

0.55 

3.0 

0.9 

3.3 

0.65 

4.5 

0.7 

4.0 

0.65 

4.0 

0.65 

TN. 

1.5 

0.4 

2.0 

0.4 

1.3 

0.4 

1.5 

0.4 

2.0 

0.4 

2.0 

0.4 

2.5 

0.4 

LN. 

l-» 

<•.33 

1.5 

<U 

1.K 

0.33 

2.0 

0.33 

2.3 

0.4 

2.5 

0.4 

3.0 

0.4 

I.P. 

2.5 

9.75 

2.3 

0.7 

3.0 

0.7 

3.3 

0.3 

4.0 

1.0 

4.5 

lJ 

4.0 

1.2 

LP, 

6.0 

2.5 

9.0 

2.3 

M 

2.3 

8.0 

2.5 

6.3 

2.0 

.0 

2.5  ■ 

6.5 

2.3 

LP. 

7.0 

2.0 

7.rt 

2.5 

H.3 

2.3 

8.3 

2.3 

9.0 

2.5 

6.3 

6.3 

2.3 

BP, 

4.5 

l.« 

4.5 

1J3 

4.0 

1.3 

4.0 

121 

5.0 

2.0 

3.3 

2.0 

5.0 

1J 

RP. 

1.8 

0.3 

2.0 

OJ 

2.0 

0.3 

2.0 

OJ 

2.5 

0.6 

2.5 

0.65 

2.3 

0.6 

HP, 

2.0 

o.« 

2.0 

OJ 

SJ 

0.7 

2J 

0.65 

2.5 

0.7 

2.3 

0.65 

2.3 

0.63 

brain  of  each  animat  An  leads  1  mm.  ap~rt  'tola* 
different  responses  In  some  cases  It  is  pro*  ’  *•  that 
the  area  of  the  brain  stimulated  by  the  electrical 
current  was  smaller  than  1  mm.  tn  some  experiments 
la  which  intracerebral  leads  could  he  move*!  through 
needle  guides  implanted  in  the  skull  (Iftelgndo  195-V 
it  wne  determined  that  changes  of  only  .5  mm.  in 
the  pc?>!Mo-i  of  the  lends  ewW  result  in  dramatic 
change  in  response.  Hower  -r,  in  other  enser  a 
similar  response  could  be  die  ted  by  stimulation  of 
leads  3  mm.,  6  mm.,  or  more,  apart. 

Jtafifahtiu'y.  In  table  I  threshold  for  me  tor 
responses  during  three  months  of  electrode  implant¬ 
ation  is  shown.  In  thia  case  w*ub  was  repre¬ 


total  impedance  increased  with  time  of  imp«a.  tntion, 
hut  the  excitability  of  the  brain  was  maintaine*' 
with  won II  variations.  Table  1  also  shows  thal 
trn'teney  to  increased  threshold  voltage  throughou 
implantation  time  was  greater  in  the  rasa  of  needlo 
than  :  •  .hte  electrodes, 

A‘h-ifi>cl  arhrify.  The  spontaneous  electrical 
activity  through  different  h  *da  showed 

typical  patter:. ii  at  each  point,  which  were  repented 
with  similar  characteristics  throughout  the  period  of 
ol»«cn  it  ion.  Sometime*  them*  patterns  could  be  con¬ 
siderably  chnnged  under  the  influence  of  different 
coi-ditions.  fur  eamnple.  mdse  level  of  the  room, 
•yes  open  or  closed,  etc.  If  experimental  conditions 
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*rc re  I'n*  .tame,  the  patterns  were  alike  in  recording*  t’OMMKXT 

taken  wi<H  week*  ur  months*  »»f  iute««.tl.  ;m  >h*»uu 

in  ft|pirr  4.  With  remote  niw{r»>lhl  stimulation  tht-rc  arc 

K-nkni  tflrr  librlm r.;r*.  Afti-r  .1! ~<-li:>rKi-  rroV.I  ,1"  ri,,n  i,<K  «*"•  "W*.  •*»•*•  *»  «  *"■*»  nrfvanUgw, 

!>y  rlwtriral  m  of  tin-  hr:. in  lin.i  a  tvpiral  ,*1"  l1'*  -  tf<'l|"i'|,|ii*  liavn  tlir  following  limitations: 

pntlrrn  whirh  n-|«:it.-.l  it»-lf  rar'i  lino-  a  point  (“)  *>«■?  ramiot  lie  nw.|  f.ir  nworiting;  (b)  in 

war  atimulatrs!  with  appropriate  intonaitios.  Tlo-ac  tt'wral  only  om*  po.nl  of  llw^hraiti  mar  la-  Ntimul- 

jKitteri:*  were  typical  for  « ;».  n  jhnmi  but  wrrp  af«*d;i#»i  it  is  not  possible  t o  Atnintnr  thi*  stimulation 


*H..  PLATEV3-5 

M  WL.-^3 

♦‘CWfips-tSS  ■  t  «w «4«pH»  Pt» 


'*W/.V^V'AM^Y<r>  vv/^vyvv^/^p-v^N 

'yMro^V  VA 

^VV'V'^V.v*  /*r«y 

‘  "’’V.  yfi*  *■ r- A^v 


\T*l^Y*i'***V^  L*V*,^v^V*,>U*tt  Apy^.y^-v^v.'svA'^y 


r\ r- 4 

I’nfttTjn  of  t*W triwl  activity  of  each  point  were  nimilnr  during 

the  nl»*ervaf:on  |**riod:  example*  one  week,  one  month,  2  months,  ami  3 
months  riftrr  implantation. 


months  after  im  plantation. 

different  i  different  area*.  whirh  suggest*  n  local 
autonomy  of  the  phenomenon.  Ar  example  of  after 
discharge  evoked  in  an  uut:  nest  liet  i  ted  monkey  by 
monopolar  stimulation  of  i«oint  no.  ‘2  of  the  left  needle 
electrode  is  shown  in  figure  .1.  The  nee* lie  was  placed 
in  the  rhinenccphulon ;  the  plate  was  place*!  over  the 
motor  and  premotor  areas. 


during  the  eX|ierimvnt*  ami  therefore  precise  data 
concerning  jut  ra  meter*  of  stimulation  arc  not  known; 
(tt)  intensely  of  stimulation  dejH’tids  upon  the 
rifrived  signal  which  may  vary  with  changes  in  the 
orientation  of  the  n*cciving  system. 

In  other  teehni<|tic*  leads  connecting  the  elec- 
trodc*  implanted  in  the  animals  with  the  experimental 
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an*  rmptnpt  TV  »**•*  «♦  f  mnlliletid  e  In¬ 
trude*  profitable.  mimpv  with  about  IV  »iw 

effort  aim!  operator*  trawnta  m.m*  lead*  an*  avail- 


it  derream**  tV  arri.lental  breakage  of  lend*,  and 
i»  V**  »!i*tu rbing  to  tV  animal*. 

Implantation  of  ehTtnnlen,  wn  in  atruetnreo 


ahfc*.  In  a*Wi»HMi  to  tM*«  their  rtou.tr  nr  lion  k.a*|m  a*  delimit*  a*  IV  medullary  renter*,  proved  to  V 
ih.  mt.-rlra.l  aMaam  rMWIaal.  wki.h  i»  a  «n.i  1.m«  t.-ni*  im|.lnMati..»  -lul  not  wen  t» 

ns.  Hb£'$-s**NI,*W 


MCWKT  «n  KPT  I 


;/vkd6*fj-i 


rig.  * 

Kxaup*  *  «-  after  dVh.rge*  showing  *imilnr  patten**,  evoked  by  »Hmula- 
ti>-»  of  the  some  point  with  one  month  of  interval. 


advaatag  in  rtMnjmring  eleetrirnl  revording*  of 
different  a  mu*.  In  *«mt*  terhnh|«e*  do  eleetrode* 
ar«  fixed  to  tV  *koH  by  mean*  of  superstratum, 
sr  rewed  to  the  1mn«*.  I**  rontra*t,  the  mw  of  dental 
rement  and  metallic  *«!nre*  to  fix  tV  elortro*le* 
t#  the  nkutl  la  far  Ir.ai  bulky,  it  in  an  en*ier  opera  Hon, 


nffert  the  Vtilth  or  behavior  of  the  animals,  Eleetro- 
fongnUition  vai  mote  hazardous.  Functionally,  there 
wnx  r*nin.!;able  eunntaney  of  result*  when  similar 
experiment*  were  ]x*t formed  with  month*  of  interval. 
This*  wa*  of  special  interest  concerning  electrical 
activity.  A*  there  wan  destruction  along  the  needle 
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tract*  the  Pwir*l«l  activity  could  represent  tin*  dis¬ 
turbance  produced  lw  tin*  insertion  of  tin1  elect rodcs, 
ratlwr  than  ft-**  “normal**  «|Nint  imihik  activity  of 
»'»*•  brain.  I  ever.  the  following  argument*  do 
not  *up|H>rt  possibility  r  (n  ►  signs  **»  irritation, 

such  :>  spike..  »rrv  in  general  alc*ent  in  rtviirtliu^; 
(h-  }*uttem*  nf 'rltitiiral  activity  Were  different 
in  different  urea*.  which  suggest*  that  h**al  actmty 
was  being  rrronled.  ami  ttot  a  common  *  •  It- -ion  ’  * 
activity:  (c*  pattern*  of  electrical  actix  :ty  of  »*nch 
|HHnt  hail  similar  rliametcrirtie*  in  recording*  taken 
with  mohu.s  *»f  interval;  (»/»  activity  rcc»r«|ci| 
ihnmjfh  needle  eh*etr.k--*  ..uini  according  to  tho 
a:;at*  im«.»l  location,  hut  did  not  show  *|tccific 
difference*  from  the  activity  nvorded  through  plate 
eb‘~fm»k**.  It  wotihl  ww  that,  even  if  the  pn*s**nce 
of  ehslrode*  rwiM  produce  some  alteration  of  the 
brain.  f*c  ♦//»» rimoilifl  mmiiitm**  ommiiiiiI  cnauhtmt 
Ike  j»  r*  ml  mnath*  of  ahn*  r  ratio*. 

HI*  M  MARY 

1.  Technique*  of  construction  and  implantation 
of  multileml  electrode*  in  tin*  hrain  of  animal*  are 
desvrilicd.  Tiadinica?  problem*  of  implantation  are 
examined. 

2.  No  ojwratory  accident-  urnirri).  atol  no  deficit* 
were  produced  by  electrode  insertion. 

1.  After  several  month*  of  implantation,  plate 
electrode*  produced  a  small  im|in-*<i<m  on  the  hrain 
airfare  without  histological  alteration  of  tin*  neuron*. 
I  hi  mage  of  the  hrain  resulting  from  needle  elect noh** 
nan  generally  le**  than  1  mm.  in  ilia  meter,  Infection* 
were  mre.  Klcctroroagiibitiofi  was  more  hnsardon*. 

4.  Prolonged  Hectriral  stimulation  of  the  bruin 
iliil  not  cause  any  «leteetnhle  local  histological 
changes. 

3.  Cerebral  stimulation  was  pwililr  in  cats  ami 
monkeys  which  hn»l  freedom  of  movement.  This 
|»eT;  :i::eil  studio*  concerning  India  vine.  sensory  pho- 
nomena.  correlations  between  clinical  manifestations 
ami  elrctriri*!  activity  of  the  hrain,  ami  also  |*»vrho- 
logical  testing  of  the  animals. 

6.  Pattern*  of  resjmnse  evoked  by  electrical 
stimulation  proveii  to  Is*  typical  for  each  (mint.  anil 
reliable  through  tiim*. 

7.  Threshold*  of  electrical  stimulation  pmre-1 
to  Is*  rather  constant  tliroughout  the  months  of 
alisenrutioii. 

*.  “Spontaneous**  eh-ctrienl  activity  ami  pat¬ 
terns  of  evuk*  I  ) stsf  discharges  recorded  l*y  means 
of  implanted  eh*-tn*«h*s  were  sitiilar  in  recording* 
taken  with  weeks  or  months  of  inti  real. 

9.  Conclusion*  *»,  7,  ami  *  Indira  te  that  the 
presence  of  elect  ro*h*s  disturl**  the  hrain  activitr 
very  little,  or  at  least,  that  the  experimental  con¬ 


dition*  do  not  change  during  the  period  of  obser¬ 
vation. 
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